Summary
Recent studies have suggested that renal tubular sodium reabsorption may be modulated by renal nerve activity (4, 5, 7, 9, 27) . The kidney is richly innervated by adrenergic nerves and the presence of dopamine-and norepinephrine-containing nerves have been demonstrated (1, 2, 10). The adrenergic nerves have been shown to be in direct contact with basement membrane of the proximal and distal tubules (1). Renal denervation decreases (4) and renal nerve stimulation increases (3) tubular sodium reabsorption. Several pathophysiologic conditions (denervation, salt loading) have been shown to alter norepinephrine and epinephrine levels in the kidney (22) . In the rat (24) and dog (33) changes in sodium reabsorption have been related to alterations in alpha-adrenergic activity. In the isolated tubules of rabbits (5, 16) and mouse (26) however, increased sodium and chloride reabsorption (5, 16) in the proximal convoluted tubule, the thick ascending limb of Henle and the collecting duct followed administration of isoproterenol, a beta-adrenergic agonist. In addition, Bello-Reuss (5) showed that the increase in fluid (and presumably sodium) reabsorption in the proximal convoluted tubule induced by norepinephrine can be blocked by propranolol, a beta-adrenergic antagonist, but not by phenoxybenzamine, an alpha-adrenergic antagonist; thus, at least in the rabbit and mouse, betaadrenergic stimulation increases fluid transport. Dopamine, on the other hand, has been shown to decrease sodium reabsorption beyond the superficial distal tubule (25) .
Recently, specific adrenergic and dopaminergic receptors have been described in the kidney in several animal species (1 1, 12, 17, 18, 20, 21, 31) . But no studies have characterized renal tubular alpha-adrenergic receptors in the dog, the species in which much of the physiologic data has been acquired. In order to understand further the role of alpha-adrenergic receptors in the canine kidney, we devised experiments to characterize alpha adrenergic receptors in renal tubular plasma membranes in the maturing and adult dog.
Adult mongrel dogs or neonatal pupplies of either sex were anesthetized with pentobarbital. The kidneys were removed and placed in ice cold buffer containing 0.25 M sucrose, 5 mM Tris-C1, 10 mM MgC12, pH 7.5 at 4°C. The kidneys were decapsulated and divided into an outer cortex, inner cortex and medulla as previously described from this laboratory (21) . Partially purified plasma membranes were prepared according to the method of Fitzpatrick (13) . To determine that this method is applicable to the puppy as well as the adult we determined the specific activity of the basolateral membrane marker Na-K-ATPase in crude and partially purified plasma membranes in 1-2-wk, 3-5-wk-old pupplies and adult dogs using the method of Jorgenson et al. (19) . In addition, electron microscopic features of these membranes were consistent for basolateral membranes.
Binding studies. All studies were performed in triplicate. The incubation buffer consisted of 50 mM Tris-C1, 10 mM MgC12 and final incubation volume was 400 pliters. Alpha-adrenergic receptors were assayed using the ligand [3H]-WB-4101 [2, 6-dimethoxyphenoxy ethyl amino methyl-], 4 benzodioxane, 2-phenoxy 3-H-(N)], an alpha-l, adrenergic antagonist (15, 30) . For the characterization of alpha-receptors, the membrane preparation (0.2-1.8 mg protein/ml with sodium metabisulfite 2 pg/ml) was incubated at 23OC for 10 min with 0.5-5 nM concentrations of the ligand [3~]-WB-4101 (New England Nuclear, MA) with or without unlabeled L-norepinephrine (100 yM, final concentration) (32) . After the incubation, the reaction mixture was rapidly filtered (GFC Whatman) under vacuum. The filters were air dried overnight and counted in 5 ml of scintillation fluid in a beta-scintillation counter with an efficiency of 30%. Because alpha-adrenoceptors have been described previously in rat kidney (20, 30, 32) , renal tissue from rats was prepared and studied in idintical fashion as the dog kidney to serve as a reference.
Association kinetics were studied in membrane preparations (I mg/ml) using 5 nM [ 3 H ] -~~-4 1 0 1 .
After a 2-min equilibration period, studies were started by the addition of the ligand into the incubation mixture and the binding was assessed at periodic intervals for at least 30 min. Nonspecific binding was assessed by the addition of 100 pM L-norepinephrine. Dissociation kinetics were studied by the addition of 100 pM L-norepinephrine to the incubation mixture of membrane and radioligand that has been incubated for 10 min. Binding was assessed periodically for at least 30 min after the addition of L-norepinephrine. Additional kinetics were done using 0.5-1 nM [3H]-prazosin, an alpha-ladrenoceptor specific antagonist; 10 pM phentolamine was used to determine nonspecific binding.
Linearity of ligand binding to renal plasma membranes was assessed by determining specific binding with varying concentrations of membrane protein. Competition studies were also performed in which varying concentrations of adrenergic agonists and antagonists were added to the incubation mixture as indicated. Stereospecificity was also studied using D and L-norepinephrine.
Calculations. Maximum receptor density (B,,,) and dissociation constant (Kd) were calculated from Scatchard plots (29) . Inhibition constants (Ki) were calculated according to Cheng and Prusoff (8) .
The binding of the radioligand alone to the membrane was considered to be total binding. Binding in the presence of 100 pM L-norepinephrine was considered nonspecific binding. Specific binding was the difference between total and nonspecific binding.
Results are given as mean + standard error (M f S.E.). Statistical evaluation was performed using the Student's t test. A P value of t0.05 was accepted as significant. Figure 1 and Figure 2 show membrane protein recovery and enrichment of Na-K-ATPase activity in renal outer cortex, inner cortex, and medulla in puppies and adult dogs. The protein recovery was similar in all regions and all age groups studied. Thus valid comparisons can be made among groups using this method, of membrane preparation. The degree of enrichment (crude to partially purified membrane) in renal outer cortex, inner cortex, and medulla was also similar in all age groups studied. The degree of enrichment is comparable to those originally reported by Fitzpatrick (13) (Fig. 3) . The observed forward rate constant (Kobs) was 1.692. lo-" sec-' giving a second order rate constant (Ki) of 7.15. 105M-' sec-'. At equilibrium the addition of 100 pM phentolamine resulted in prompt dissociation of the radioligand (Fig. 4) . There was an initial rapid loss (25% of the binding) followed by a slower decay. This is similar to that previously reported by Newman ( (k-,) for the reversal of specific binding (0.68 nM) was 1.227. sec-'. The Kd calculated from the reverse rate constant was 1.7 nM, similar to that obtained in the saturation studies. In puppies, in contrast to the adult dog studies, we found that specific binding of [3H]-WB-4101 occurred in outer cortical membranes but not in inner cortex or medulla and was approximately 30% of the total binding. Using prazosin M to determine nonspecific binding, the competition studies were consistent for alpha-receptors. The potency sequence for agonists was epinephrine > norepinephrine > isoproterenol. The Ki for epinephrine was 72 nM, norepinephrine was 480 nM and isoproterenol 4700 nM. The potency sequence for antagonists was yohimbine > prazosin > propranolol. The stereoisomer L-norepinephrine was more effective in competing with the binding of [3H]-WB-4101 than D-norepinephrine (Ki = 480,000 nM) (1000-fold). The Ki for yohimbine was 0.37 nM, prazosin was 1.83 nM and propranolol was 620 nM. Analysis of the data from Scatchard plots revealed a single class of receptors. Figure 5 shows a representative Scatchard plot of specifically bound radioligand in cortical membranes in I-wk-old puppies. The B, , , and K d in puppies are shown in Table 1 . The Kd in outer cortical membranes from puppies less than I-wk-old was significantly less than that found in 3-5-wk-old puppies. The B,,, did not change with age. ' Kidneys from 2-3 puppies were pooled for each experiment. P < 0.01. In I-week-old puppies, the correlation coefficient between (33) . In puppies, the binding of [3H]-WB-4101 to partially purified outer cortical membranes was rapid, reversible, saturable, of high affinity, and stereoselective. The competition studies were also suggestive of alpha-adrenoceptors. Although the B, , , did not change with age, the Kd increased with age, indicating a decreasing affinity for alpha-receptors with maturation.
RESULTS

Membrane characteristics.
It is now established that there are at least two types of alphaadrenoceptors (6). Alpha-I -adrenoceptors are usually present postsynaptically in noradrenergically innervated smooth muscles. Alpha-2-receptors are present in adrenergic nerve terminals and have also been noted postsynaptically in some tissues including guinea pig and rat kidney (6, 18, 20) . Although we did not attempt to determine the type of alpha-adrenoceptor in brain, ["HI-WB-4101 binds preferentially to alpha-1-adrenoceptors (32) . In some peripheral tissues, however, [3H]-WB-4101 binds equally well to alpha-1-and alpha-2-adrenoceptors (15) . In our competition studies, yohimbine, an alpha-2-antagonist (18, 20) was equal or more potent than prazosin in competing with the binding of [3H]-WB-4101; thus, these studies suggest that the newborn kidney is rich in alpha-I-and alpha-2-adrenoceptors.
